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Detailed Report 

1. Name of the invention 

overhead power line 

2. Sphere of application 0 f patent 
(requested clause 1) 



*y and ,5 ,o 75 volume % *» — 



(requested clause 2) 



MS mm .hick around alumm ra i, ic P ^^ Ummum *«* or tube at teas, 

smcon carbide fiber in requested <b same vetoe % 



(requested clause 3) 



«*• «•« with aIuLC7S P e!^ liM ^ » m or in to^I „f „ 

ammrmrn-silfcon earbid™ mpSL^f ■7" 1 ?° site «-*> ■»* by"™** ^ 
fiber as in requested clause *» «• same volume "/s^bide 



3 Detailed explamrtion of the invention 
(field of industrial use) 



This * 

' ^,! Wi .^^'»&T£ PO r Iint "^disregarding, 
(prior art) 

wire has been used. That is, a fc^fi ^ ^el cored twisted alunTu^ 
Ae tens 10 n member. Aluminum wife is " ^ t0 make **1 co^hTch is 

current-carrying member. 15 twistod ^ * outer diameter to make Te 
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Recent increases in electrical demand is remarkable. There is a great deal of 
interest m increasing capacity using the existing structure or to save total cost by using 
lower steel towers for new installations. 8 

di*™t Vari ° US .^ ethods for basing opacity of power lines without increasing their 
diameter and without raising the steel tower have been suggested- 

^l tenSlle TH^af^ rati ° ° f 51661 C ° re is bcrcased ' and suffici «t tensile 
su-ength is provided by thin steel wire. The amount that the steel core is thinned M 

used for increased section area for the aluminum cuirent-canying wire 
(2) Electrical capacity can be increased by using a material with a small thermal 
expansion co-efficient, such as invar line instead of the former zinc plated steel wire as 
*e core. When the w^re is heated by current and the whole power line expands 
thermally, the invar line with small co-efficient of expansion takes the tension load in 
order to prevent sagging. 

we^f^ ^ Pkted 51661 ° r hvar ^ FRP bundIes of extremely light 

weight aramide fiber or carbon fiber in a strong resin polyester or epoxy are used The 
tensile strength will not be reduced, and the weight of the wire is reduced. As a result 
sagging due to its own weight can be reduced. 

(solution of the problem and its function) 

Figure 10 is a section which shows a specific example of invar core twisted 

fnT^TJ 1 ^ ? C ° nSiStS ° f WiTel0aS ***** a °ove « the tension member 
and then twisting alummum elementary wire 2 around it. 

r-rn 7^ C0 ; effi j cient of linear expansion of invar is approximately 1.0 x 10*, while the 
CTE of zmc : plated steel wire is about 12.0 x 10< So, even if the current is incre^d 
fte temperature of the power line increases, sagging can be controlled sufficiently. 
Because of this, it has already has been used in some real-world applications. However 
even if the co-efficient of linear expansion can be lowered, the strength of the invar line 
tself 1S sm ail compared to steel wire. Therefore, the sectional area of the core has to be 
increased. Overall tension levels in the wire tend to increase compared to the former 
steel core twisted aluminum wire. There are also several failure modes associated with 
mvar. So although these failure modes can be addressed, there is a possibility that the 
wire may break unexpectedly under increased tension. 

ns . f FRPwi « jhich bodies carbon fiber or silicon carbide with epoxy resin has been 
used for real world applications. By using this material, high strength twisted wire with 
light weight can be applied as the tension member fro the power line. This FRP has 
about 60 % fiber, and its relative weight when epoxy resin is used as the matrix is 
approximately 1.5, which is about 1/5 that of steel wire, which is very light-weight 
of invt ^ C0 ' effident ° f lin6ar expansion is 2 x 1(r6 > whi <* ^ almost equal to that 

However, the weakness of FRP which uses carbon fiber or silicon carbide is that 
the matrix ,s plastic. Since it uses epoxy resin, it has problems in high temperature 
applications. Regardless of the fact that the fiber is good to 1200 to 2500 C which is 
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TrT ^ temperatUre limit of is 150 C at most. Therefore, even if the 

co-efficient of linear expansion is small, this material is not as good as invar 

. Tn erm sl deterioration is expected after long use, and it is too weak to be used as 
atension member for overhead power lines which require reliability for long period!" 

metal rn^vt^^ ^ USeS ^ 33 * e matrix > FRM wh ich uses a 
metal matrix has been suggested. 

However, there is a small process window for manufacturing metal FRM At hieh 

low temperatures the metal does not wet the fiber. Therefore, although there has been 
much recen progress in developing these materials for general construction, foT 

yeTbeet^d ™* ^ » ~ ate F ™ has not 

The conventional electric wire which uses FRM shown in figure 9 has been 
S c "J* r*J l I" 13 ' 6 ° f ^ -PP-carbon fiber composite wtre 22 22 

iSSnr* ^ 20 h 3 C ° PPer ^ 2 1 • 11 is *» coated -th copper 23 
around it However, if the matrix and outer coating are cooper, it is not appropriated an 
overhead po wer line and it cannot be used. Not only that, wettmg of carbon fibe^ by 
opper is bad, and they cannot be made into a composite materiafdirectly. One way it 
can be_done,s by plating copper on carbon fiber beforehand and evaporating copped on 
that. Therefore, , has too many problems in terms of manufacturmg productiviW 

J^L ^ ^ WWch iS SUhable for overhead P ow <* lines could be 

obvTou, t C ° mP T r e " manufactoed «** an aluminum matrix is probably 
is a ^7 0ne m ^ b T eSS - H ° WeVer ' bad Wettin ^ of carbon fiber and duminum 
LTf . , r C0 T- ,u V6n lf SUCh ^^bon fiber composite wire could be 
Wd Th ' ; n ,f b K feaCtS ^ «« Carbides such - A1 4 C 3 are 

mo^f ^ ^ r eC ° me ClCar fr ° m teCent research * at ^composes due to 
moisture in the air resulting in a huge loss of strength 

th. J** ° bje u f inVenti ° n 18 10 ° ffer a new overhead P^er line that can solve 
Aeproblems with me prior art such as those described above. The power line "to 

lot T n Tt ^ T 8ht NOt ° nly * e co " efficient of ^ expansion is a 
^J^ibm^ci^fbm^^^ Even when wire tension is decreased 

n et°f f nSmg bC C ° ntr0lled - Because * things, an increase 

m electrical capacity and shorter steel towers can be realized. 

(Steps for solving problems) 

It is regarding an overhead power line which consists in part or totally of an 
dunnnum-silicon carbide composite conductor made from aluminum or an aluminum 
alloy and 15 to 75 volume o/ 0 silicon carbide fiber. Also, it is regarding an overheT 
power line which consists in part or totally of an aluminum composite wire made by 
applying aluminum tape or aluminum tube at least 0.05 mm thick around aluminum- 
silicon carbide composite wire with the same volume % silicon carbide fiber. It is also 
regarding an overhead power line which consists in part or in total of copper wire coated 
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with aluminum-silicon carbide composite material made by applying aluminum-silicon 
carbide composite material with the same volume % silicon carbide fiber to copper wire. 

(Function) 

When silicon carbide fiber is made into a composite in aluminum, not only is it 
wet by the aluminum, but there is hardly any danger of a reaction with aluminum as 
stated above. Accordingly, aluminum-silicon carbide fiber composite wire can be used as 
power line instead of steel core aluminum twisted wire. However, to attain the necessary 

SS? i f T 0/ T CT ^ "* t0 mCet ±G demand for li & ht wei * ht > * is necessary 
to have 15 volume % silicon carbide fiber ormore. To keep the manufacturing process^ 

simple while : considering the weakness of silicon carbide fiber in bending, the volume % 

silicon carbide fiber has to be less than 75 %. An improvement in bending and in 

conductivity can be achieved by coating at least 0.05 mm of aluminum around the 

composite wire, and its potential for use as electric wire could be improved much more. 

(Examples of practice) 

In the following, this invention is going to be explained using examples of 
practice. * 

Figure 1 is a cross section of one example of practice of an overhead power line 
according to this invention which consists of twisted aluminum-silicon carbide composite 
wire 1, 1. Figure 3 is an enlarged section which shows the construction of the aluminum- 
silicon carbide composite wire 1 in figure 1. 

As understood from figure 3, the aluminum-silicon carbide composite wire 1 
according to this invention has an aluminum or aluminum alloy matrix lb and preferably 
long silicon carbide fibers 1 a, la made into a composite wire. 

In order to manufacture this composite wire 1, a plating treatment or metal 
evaporation pre-treatment like the ones required for copper-carbon fiber composite wire 
is not necessary. It is done with the following processes: silicon carbide fiber yam is 
spread apart with the appropriate spacing; passed through molten aluminum; squeezed by 
an appropriate die; and finished to the diameter needed. Aluminum and silicon carbide 
have sufficient wetting, and there is no possibility of the formation of deleterious 
compounds at the interface. 

It is also acceptable to make twisted wire such as the one shown in figure 1 using 
the aluminum-silicon carbide composite wire 1 manufactured as in the above This 
twisted wire is suitable for overhead power line according to this invention. Its cross 
section is shown in figure 2, for example. It is also acceptable to use the following steps 
next. That is, only the outermost layer is made from aluminum wire 2, 2, while the inner 
layer and core section are all made from aluminum-silicon carbide composite wire 1 1 
The light weight, strength, and low thermal expansion sought by this invention are ' 
provided by the inner aluminum-silicon carbide composite wire 1,1 while the outermost 
aluminum wire 2, 2 plays the role of electrical conductor. 
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Also, as shown in figures 1 and 2, the aluminum-silicon carbide composite wire 1 
can be used as the primary wire for twisted wire as it is. In that case, the volume % (Vf) 
of silicon carbide fiber would determine whether it is appropriate for use as a power line. 

Figure 10 is a plot of the tensile strength of 1mm composite wire made of pure 
aluminum as the matrix and 1 5 urn silicon carbide (SiC) for various Vf. 

As is understood from the figure, as the Vf of SiC increases, the tensile strength 
increases gradually. It increases sharply as the Vf exceeds 75 %. 

From figure 10, it is understood that there is hardly any improvement in tensile 
strength of aluminum when Vf is less than 15%. After that, as Vf increases, the tensile 
strength increases gradually. As stated above, a sudden increase is seen at 75 % Vf. This 
thought to be because the tensile strength of the SiC in the composite wire starts having a 
direct influence. • . . 

Figure 1 1 is a plots of Vf SiC and electrical conductivity using the same samples 
as in figure 10. 

It is well understood from comparing both figures that as the electrical 
conductivity in figure 1 1 increases, the tensile strength shown in figure 10 decreases. 
The fact that electrical conductivity drops sharply when the Vf exceeds 75 % is shown 
here. It is thought that this is the result of the insulating property of SiC which is due to 
the decreasing volume of aluminum which is the conductor. 

When figure 10 and figure 1 1 above are seen together, it could be said that the 
upper limit of Vf that can be used as power line is around 75 %. 

Putting everything together, it could be said that the appropriate Vf of SiC for 
aluminum-silicon carbide composite wire according to this invention in the range of 15 to 
75%. 

However, although the Vf of SiC can be from 15% to 75 as stated above, the 
fragility of silicon carbide cannot be avoided, and the flexibility during installation or 
during manufacturing depend on the Vf of silicon carbide. 

Regarding the problem of flexibility due to this fragility, the inventors of this 
invention found that it could be solved by coating aluminum or aluminum alloy around 
the aluminum-silicon carbide composite wire. 

Figure 12 is shows the aluminum coating thickness and the acceptable flexural 
radius after various thicknesses of aluminum are applied to aluminum-silicon carbide 
composite wire. The Vf is 60 % and the outer diameter is 1 mm. 

As is obvious from figure 12, the flexural radius can be improved very 
remarkably by duminum coating. It is also understood that its the coating thickness has a 
big effect at 0.05 mm thickness. 

Accordingly, when the Vf is increased and the strength, light-weight, and low 
thermal expansion need to be improved more, it is appropriate to coat the composite wire 
with 0.05 mm or more aluminum or aluminum alloy. By this, problems due to increasing 
the Vf can be sufficiently mitigated. 

The effects of this aluminum coating were confirmed for aluminum tape winding 
or aluminum tube coating. 
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Figure 4 and figure 5 show a second example of practice where aluminum coatins 
done around the alummum-silicon carbide composite wire 1 . In each figure, (a) is a 
side view; and (b) is an end view. B ' w 

rill Fig ^ e 4 ^ Sh ° WS ^ ^ WhCre alUminUm te P e 3a is wound ^ound aluminum- 
silicon carbide composite wire 1 to make aluminum tape covered composite JTs 

Figure 5 shows the case where aluminum tube 4a is applied to the same composite wire 1 
to make aluminum tube covered composite wire 4. "cwirei 
In figure 4, where aluminum tape is steam-bonded or wrapped, or when aluminum 

XlZTt W ^ j ° int S6Cti0n C3n be S6amed -d -It bide 

tube can be shrunk by a die. Also, in figure 5, the aluminum tube can be extruded TeaL 

Neither case requires that the wire be work hardened like some conventionaTw£- 
malong processes. It is more important to insure that the inner fiber is not broken 

It is acceptable to make twisted wire by using only the aluminum coated ' 
composite wire 3 or 4 to make overhead power line. Or, for example, as shown in figure 
tfL to « * e tube coated composite wire 4 as alurninuT 

s con carbide composite wire 1 to replace the steel core part of the former steel corT 
aluminum twisted wire. Aluminum wire 2, 2 are twisted around the twisted composL 
core to make an aluminum twisted wire with a composite core. In this case, oveX d 
power line .which solves all the problems with the invar core aluminum twined wu7 
shown in figure 8 can be produced. 

Figure 13 is linear figure which shows the high temperature durability of 
composite wire according to this invention with Vf 40 % SiC and pure aluminum wire 
with the same radius at 350 C. 

wire of ^° U8h f^T" f" 6 ^ S ° ftened b 3 short time > *» c °mposite 
wire of this mvention showed no drop in tensile strength even after 1000 hours 

Therefore, it could be said that this proves that this wire has extremely good high 
temperature characteristic. 6 B 

C W J*?? °, Verh t ad P T er m l ° m hlVention which has such h ^ temperature 
charactenstic, low mermal expansion characteristic, and appropriate electrical 
conductivity is used, it is possible to provide more capacity at the same amount of 
saggmg. Another result is that the sagging can be reduced at the same capacity it is 
~t t0 r ? hei8h ! ? ^ ^ t0WCTS -nsiderably. Therefore'not only « 
SET" * 3180 C ° ntribUteS t0 * environmLal 

«*M * ^ ab ° Ve \ W \ have been explaining examples which use aluminum-silicon 
carbide composite wire by itself or uses it as primary wire by coating it with aluminum 
However, it can be also constructed as shown in figure 7 if necessary. 
1 • witK' tKvf mple °/P raCtice ' 311 aluminum-silicon carbide composite material cover 

ill ^ 131186 ° f inVenti ° n iS appHed t0 steeI ™ 5a to ^e aluminum- 
silicon carbide composite coated steel wire 5. Power line can be made by twisting this 
composite-coated steel wire 5, but its properties can be used to more advantage by 1 
it as ground wne. Since the strength in this case is provided by the steel wire 5a, short 
SiC fibers can be used instead of long fibers which were preferred in the examples above 
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aluminum as „ h fonner ^ S ^.X 10 «-»— ^ — 



(Effects of this invention) 



be minimized, and electrical a£b 1 """i ? 8emg due ,0 iB ow » weight oan 
thermal expansion and MttZ^dW* . *" '° "* an " U c °- efiici «» * 

heating is produced m the K^ST" "T^ if Su « 

thennal expansion or loss of suenl StoSS T" *™ " " 0 "«*« *" *> 
long period of toe, ft is possibleTmcreS SSS*"*?* f * mahteined * ' 
towers. For new construction ftTS 1. ^ CapaClly c°»ventional steel 
minimized, no. only can it k u^S^ ^ *" *» «- >* 

■nfluence of wind driven vibration on " pIaCeS ' but *• 

limit to the possibility of this invent "* " ^ Therefore - » *> 



4. Simple explanation of figures 



-ventio^r^r^sK m of *"* **» «■ 

wire according to tins invention; £S IdtfT ?' "»*«*» of elementary 
eomposite elementary wire, eacn figTefaHs a ?T S .*°"***i bating around 
shows aluminum coated composite^ ctd m /,„T ^ W " " « 
steel core in steel core Wsted alunnZ X Se "T^'"" 1 ^ ° f a 

composite coated steel wire according to S'nvfT ^ 80 eXan,ple of P ractk e °f 
invar core twisted aluminum wire^e tfc * 5"™ 8 " SeCtion of fo ™« 

which uses copper criJfflTSZS. ^ " eXample of el ««e wire 

Vf and tensilelength; figTl TZ££££Z *" «"*— 

conductive; fi gure ,j ^ me £» »ah.p between Vf and electiical 

^acceptable Accural radius; and fig^^L ! t^" ™* * fcta " M<1 

ngttre 13 shows htgh temperature durability test results. 

explanation of numbers in figures 

1: aluminum-silicon cartnde composite wire • 

cover, la: silicon carbide fiber lb- alunZl ' 7 mnum - sih<: ° n earbide composite 
wire, 3: aluminum tape cm^^SZ^T^ * ****** 

coated composite wire, 4a: ahunimun ^T^TT ^.^^ *** 
covered steel wire, 5a: steel wire alununum-sthcon carbtde composite 
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